screen ( Figure 1C , non-memory cells), but in approximately half of the tuned neurons the activity evoked by the preferred image persisted during the blank period between the images ( Figure 1C , sustained firing cells). Most interestingly of all, they found a small number of cells whose responses to their preferred stimulus persisted during the presentation of other stimuli and throughout the maintenance period at the end of the sequence ( Figure 1C , persistent firing cells). These cells were able to keep online the fact that their preferred image had been presented, even in the face of competing images that also had to be encoded into memory.
The number of neurons that showed such persistent activity was small. Only 8% of the stimulus-selective neurons had significantly higher firing-rates during the maintenance delay period, and rigorous control of statistical error-rates was required to ensure that this finding was reliable. Interestingly, the response of these persistent firing cells predicted memory accuracy: their delay activity during the maintenance period was higher on trials in which the patient correctly recalled the preferred image compared to trials on which they failed to do so.
The study of Kornblith et al. [1] demonstrates that multiple pictures can be temporarily stored as the persistent firing of tuned neurons in the human brain. The small percentage of neurons that maintained elevated firing-rates may explain why non-invasive brain-imaging studies have sometimes failed to find sustained activity in working memory tasks and that care should be taken when interpreting 'silent' periods during memory delays. This new study therefore opens up the exciting possibility of studying the neural circuits that help us to keep multiple memories online. 5 . Fuster, J.M., and Alexander, G.E. (1971) .
Neuron activity related to short-term memory. which were first described in the late 1950s, and later named by Christian de Duve in the 1960s, has been much debated, swinging from the idea that they are part of the endomembrane system, to the proposal that they represent a selfassembling entity, and to a hybrid of these two models [2] . Now Sugiura et al. [1] have added another layer of complexity that may enrich our view of this once-thought simple organelle. Seminal work by Paul Lazarow's group [3] first revealed that these singlemembrane-bound organelles differ from those of the endomembrane system. Peroxisomes import all of their nuclearencoded matrix (lumen) proteins directly from the cytosol. Further, most peroxisomal membrane proteins (PMPs) can target directly to the peroxisomal membrane after their synthesis. These features enable peroxisomes to rapidly proliferate by growth and division in response to the metabolic needs of the cell [2] . Yet, genetic complementation studies of cells from patients lacking detectable peroxisomes have demonstrated that peroxisomes can form de novo [2] . During de novo biogenesis, at least two groups of pre-peroxisomal vesicles containing complementing sets of peroxisome biogenesis proteinsknown as peroxins -fuse with each other to form a vesicle that contains all of the peroxins required to allow for the recruitment of its matrix proteins [2] . A mature peroxisome is one that contains a full complement of both membrane and matrix proteins.
Mutations in two of these peroxins in yeast (PEX3 and PEX19) and three in mammalian cells (PEX3, PEX16, and PEX19) result in the absence of detectable peroxisomal membranes as determined by the loss or mislocalization of PMPs to other subcellular compartments, including mitochondria [2] . In fact, in pex3 or pex19 mutant yeast, most PMPs localize to the endoplasmic reticulum (ER) [4] . Sequential studies have shown that these ER-localized PMPs are routed to vesicles to form mature peroxisomes. In mammalian cells, however, overexpression of most PMPs, apart from PEX16, in peroxisomedeficient cells results in either mitochondrial localization of PMPs or their rapid degradation [5] [6] [7] [8] . This mitochondrial localization of PMPs has been largely considered to be a mistargeting artefact of overexpression, however, since both peroxisomes and mitochondria recruit their proteins through a similar post-translational targeting mechanism [9] [10] [11] . Here, fully translated membrane proteins are bound by an organelle-specific cytosolic receptor (PEX19 for peroxisomes, and HSP70 for mitochondria) that acts as a chaperone to stabilize the membrane proteins in the cytosol before docking on their target membranes where they are inserted into the bilayers. However, these cytosolic receptors are not entirely selective but partly promiscuous, as some membrane proteins are found in both organelles even at endogenous levels. This is especially true for the fission proteins MFF and FIS1, which are required for the division of both organelles [12] .
In the new work, Sugiura et al. [1] report, however, that the mitochondrially localized PMPs in peroxisome-deficient cells are not a mistargeting artefact and that the mitochondria are actually a bona fide target for these PMPs. Using highresolution live-cell imaging microscopy, they show that, in PEX3-deficient human fibroblasts (Pex3 mut ) that are complemented with wild-type PEX3 fused to YFP, PEX3-YFP localizes first to the mitochondria where it is later sequestered into mitochondria-derived vesicles containing other peroxins. Using timelapse imaging, the authors find that these so-called 'pre-peroxisomal' vesicles eventually mature into peroxisomes because they can import matrix proteins. Further, Sugiura et al. [1] show that these PEX3-YFP-containing vesicles are not mitochondrial vesicles destined for degradation in lysosomes. Previously, the same group had reported a novel mechanism by which unwanted mitochondrial proteins and lipids are targeted to lysosomes for degradation by shedding them into vesicles destined for lysosomes [13] . However, in the new study these authors find that PEX3-YFPcontaining vesicles are not targeted to lysosomes, but instead are rapidly turned over by the proteasome degradation pathway [1] .
One of the most exceptional aspects of this manuscript is the demonstration that mitochondrial pre-peroxisomal vesicles fuse with the ER-derived pre-peroxisomes. Previous studies have shown that PEX16 is co-translationally targeted to the ER where it can recruit PMPs, including PEX3, to the ER and then target these proteins to existing peroxisomes [6, 14] . In peroxisomedeficient cells, overexpressed PEX16 is almost exclusively found in the ER [14] . Sugiura et al. [1] also find that overexpressed PEX16 is initially found on the ER in Pex16 mut cells. However, they now report for the first time that PEX16-containing vesicles emerge from the ER in these cells. Further, using an elegant assay that involves the whole cell fusion of Pex3 mut and Pex16 mut cells expressing the reciprocal wild-type proteins PEX16-RFP or PEX3-YFP, respectively, they show that the ER-derived PEX16-containing vesicles fuse with the mitochondria-derived PEX3-containing vesicles, with the fused vesicles eventually maturing into peroxisomes. However, when both PEX16 and PEX3 are co-expressed, both proteins are found in the ER and in ER-derived vesicles, although the maturation of these vesicles is slower compared with cells overexpressing PEX3 alone. The authors therefore interpret this observation to suggest that ER-derived pre-peroxisomal vesicles containing PEX3 are less efficient in importing PMPs compared with PEX3-containing vesicles derived from mitochondria. However, an alternative interpretation is that, since PEX16 can import PMPs into the ER [14] , the overexpression of PEX16 in the ER may act as a sink to sequester PMPs in this organelle, thus reducing the localization of these proteins to the pre-peroxisomal vesicles.
A mitochondrial origin of peroxisomes has previously been demonstrated in Saccharomyces cerevisiae [15] . ScPex3p does not target to the mitochondria in peroxisome-deficient cells but instead localizes to the ER where it emerges in vesicles to form peroxisomes [4] . However, the laboratory of Ralf Erdmann showed that, if ScPex3p is forced to target to mitochondria by replacing its membrane-targeting sequence with a mitochondria-targeting sequence, it can also complement PEX3-deficient cells [15] . They concluded that targeting Pex3 to any membrane is sufficient to form peroxisomes. However, Sugiura et al. [1] argue that mitochondria are a bona fide R272 Current Biology 27, R259-R281, April 3, 2017
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Dispatches location for these PMPs because a majority of PMPs appear to target to mitochondria and only the fusion of the ER-and mitochondria-derived preperoxisomal vesicles allows for the efficient import of PMPs.
The idea that two pre-peroxisomal vesicle populations containing distinct peroxins fuse to form peroxisomes was first introduced by Richard Rachubinski's group in Yarrowia [16] and also later by Henk Tabak in S. cerevisiae [17] . Both groups showed that two types of preperoxisomal vesicles containing distinct sets of peroxins emerge from the ER and fuse to form peroxisomes capable of importing matrix proteins. These two distinct populations of pre-peroxisomes were proposed to prohibit the inappropriate mixing of peroxins in the ER, thus preventing the import of peroxisomal matrix proteins into the ER. A similar proposal may explain the differential localizations of PEX16 and PEX3 to different organelles in mammalian cells. By targeting these peroxisome-biogenesis-initiating peroxins to different organelles, the accidental import of peroxisomal enzymes into the originating organelle may therefore be prevented.
Sugiura et al. [1] have robustly demonstrated that in the absence of any peroxisomes PEX3-YFP targets to mitochondria, from where it emerges in vesicles that are capable of importing some PMPs. Further, they show that these pre-peroxisomal vesicles must fuse with the ER-derived vesicles to form mature peroxisomes (Figure 1) . Naturally, several questions arise from this finding. How do the ER-and mitochondriaderived vesicles form and how do they fuse with each other? Can these preperoxisomes fuse with existing peroxisomes to provide both lipids and proteins? What additional mechanisms and factors are necessary to achieve this? Previously, McBride's group have demonstrated that mitochondriaderived vesicles containing the E3 ubiquitin ligase MAPL can target to peroxisomes. It would be interesting to know whether these vesicles are able to reroute mitochondria-targeted PMPs to peroxisomes [18] .
While the new study by Sugiura et al. [1] has not resolved all of the mystery surrounding peroxisome biogenesis, it provides a solid step forward in understanding the intricacies involved in maintaining these small but abundant organelles. It has potentially dissolved some prejudice surrounding the involvement of other organelles, such as mitochondria, in peroxisome biogenesis. Future studies into peroxisome biogenesis will likely involve the use of new advances in gene editing tools for mammalian cells and the increasing availability of high-and superresolution microscopes. There is little doubt that future research will shed new light on the origin of peroxisomes and increase our understanding of these organelles. Peroxisomes are formed by two distinct pathways: de novo biogenesis; and growth and division of existing peroxisomes. De novo biogenesis requires the fusion of two pre-peroxisomal vesicles, one from the ER and the other from mitochondria. These two vesicles contain one of the two peroxisomebiogenesis-initiating proteins PEX16 and PEX3. Both proteins function to import peroxisomal membrane proteins (PMPs) into the lipid bilayer. For proper import of PMPs, the two vesicles must fuse. These early peroxisomes then import more PMPs followed by matrix (lumen) proteins, eventually forming a mature peroxisome. Mature peroxisomes can continue to import both PMPs and matrix proteins. Peroxisomes can rapidly increase in numbers by a growth and division mechanism, involving the elongation of peroxisomes followed by fission. A single peroxisome can divide into between two and five daughter peroxisomes.
Visual motion detection in insects is mediated by three-input detectors that compare inputs of different spatiotemporal properties. A new modeling study shows that only a small subset of possible arrangements of the input elements provides high direction-selectivity. Figure 1A) . The HR and BL models are both abstract in nature, with little suggestion of how they might be implemented in the nervous system. After decades of little progress, we are now experiencing an explosion of high-quality studies aiming to resolve the neural implementation of elementary motion detectors. In past years, many proposals about the internal structures of elementary motion detectors, the number of detectors, and the configuration of the detectors have been made. New research published in this issue of Current Biology [3] provides further insight into how inputs with different spatiotemporal properties can be combined in a HR/BL hybrid detector to achieve high direction selectivity.
The fly visual pathway has been elucidated in detail by work over many years, and the search for the neural implementation of motion detectors in the pathway has been boosted by the development of genetic tools for celltype-specific recording and manipulation in Drosophila. Two neuron types, T4 and T5, exhibit directionally selective responses to moving bright (ON) and dark (OFF) edges, respectively. They receive indirect inputs from the second-order lamina neurons, L1 and L2, respectively [4] [5] [6] : the L1-to-T4 pathway detects ON-edge motion, and the L2-to-T5 pathway detects OFF-edge motion. Serial electron microscopy reconstruction revealed the medulla neurons that link L1 and L2 (and L3) to T4 and T5, respectively [7, 8] . The T4 neurons receive inputs from at least four medulla neuronal types, Mi1,
